I. SELECTIVE RADIUS SHIFT MODEL
(within the framework of a numerical model for unsaturated flow and geochemical reactions) • The initial pore-size distribution of a soil is derived from its soil moisture characteristic curve using the pore bundle concept (Young-Laplace equation).
• Pore radii of the water-filled part of the pore-size distribution are modified by dissolution/precipitation such that i. the volume change of the pore space is equal to the change in mineral volume calculated by the geochemical reaction model; and
ii. the volume change of individual pore sizes is proportional to the actual pore volume.
• The resulting discontinuous pore-size distribution is converted back to a discontinuous soil moisture characteristic curve.
• A single continuous water retention function is fitted to the discontinuous characteristics that results from poresize selective mineral reactions.
This procedure is applied to each cell in the model domain and at every time step, if mineral reactions occur. Extensive code verification was carried out using analytical solutions and HYDRUS-1D. Fig. 2 shows the excellent agreement with HYDRUS-1D for initial and boundary conditions: 
III. KINETIC HALITE DISSOLUTION Simulation properties:
• Steady state flow • Changes in pore-size distribution and soil moisture characteristics dependent on water saturation. Dissolution occurs up to the capillary radius that corresponds to the moisture content. At low soil moisture contents, changes in mineral volumes only affect small pore sizes. At high soil moisture contents the entire pore spectrum is affected.
• The change in pore volume is proportional to the pore volume. Thus larger pores undergo large changes in pore radii r than smaller pores. • However, depending on the pore-site distribution, large pores contribute usually less to the total pore volume. • Changes in the van Genuchten-parameter n (d) indicate changes in the shape of the pore size distribution and water retention function. These shape-changes are larger when dissolution/precipitation proceeds at lower soil moisture (at column inflow).
• Saturated conductivity (e) increases less in places where dissolution proceeds at lower soil moisture content Changes of the largest pore sizes has a bigger influence on conductivity, than the same volume change in small pores. 
IV. CALCITE PRECIPIATION DUE TO CATIO EXCHANGE
The example is motivated by the frequently observed permeability reduction in reactive barriers, where minerals precipitate due to adsorption-desorption processes .
Simulation properties: • Precipitation leads to a reduction in saturated water content [Fig. 7(b) ] and a general reduction in saturated hydraulic conductivity [ Fig. 7(e) ] . At same water contents, hydraulic conductivity rises because flow is subsequently carried through larger pores (not shown).
• Increasing the n-parameter [ Fig. 7(d) ] indicates a shift of the poresize distribution towards larger pores as a result of precipitation in small pores. Thus, n increases most where precipitation occurs at low water contents (top boundary of the reactive barrier). Fig. 7 : Evolution of hydraulic properties due calcite precipitation. Fig. 6 : Cation exchange process in high capacity exchanger at z ≥ 10 cm followed by calcite precipitation.
